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Ankylosing spondylitis (AS) is an inflammatory rheumatoid disease categorized within spondyloarthropathies
(SpA) and manifested by chronic spinal arthritis. Several innate and adaptive immune cells and secreted-mediators have been indicated to play a role in AS pathogenesis. Considering the limitations of current therapeutic
approaches (NSAIDs, glucocorticoids, DMARDs and biologic drugs), finding new treatments with fewer side
effects and high therapeutic potentials are required in AS. Mesenchymal stem cells (MSCs) with considerable
immunomodulatory and regenerative properties could be able to attenuate the inflammatory responses and help
tissue repair by cell-to-cell contact and secretion of soluble factors. Moreover, MSCs do not express HLA-DR,
which renders them a favorable therapeutic choice for transplantation in immune-mediated disorders.
In the present review, we describe immunopathogenesis and current treatments restrictions of AS.
Afterwards, immunomodulatory properties and applications of MSCs in immune-mediated disorders, as well as
recent findings of clinical trials involving mesenchymal stem cell therapy (MSCT) in ankylosing spondylitis, will
be discussed in detail.
Additional studies are required to investigate several features of MSCT such as cell origin, dosage, administration route and, specifically, the most suitable stage of disease for ideal intervention.

1. Introduction
Ankylosing spondylitis (AS) is a chronic progressive spinal inflammatory arthritis and belongs to the spondyloarthropathies (SpA)
group. Clinical manifestations usually emerge in the third decade of life
[1,2]. AS characteristically affects the sacroiliac joints, axial skeleton,
entheses (tendon or ligament attachments to bone), and extra-skeletal
sites such as the eye [3], bowel [4] and skin [5] can frequently be affected. Inflammation processes associated with AS can lead to bone
erosion, new bone formation, and ankylosis occurring in the spine,
which leads to severe pain, a reduction in spinal mobility and stiffness
[1]. By region, the average prevalence of ankylosing spondylitis per
⁎

10,000 individuals has been reported as 16.7 in Asia, 23.8 in Europe,
31.9 in North America, and 10.2 in Latin America [6]. Also, there is
some gender difference in AS patients between continents and countries. Globally, the gender ratio (male: female) is 2.5:1 [7]. The diagnostic approaches for AS include attention to the medical history,
physical exam with Bath Ankylosing Spondylitis Metrology Index
(BASMI), radiographs of the cervical, thoracic, and lumbar spines, ultrasound and baseline patient-completed outcome questionnaires like
Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) and Bath
Ankylosing Spondylitis Functional Index (BASFI) [2,8–11] (Table 1).
It has been suggested that cellular elements and cytokine networks,
especially the interleukin-23 (IL-23)/ IL-17 pathway [12,13], involved
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Fig. 1. Mesenchymal stem cells can modulate activation of immune cells involved in the pathogenesis of ankylosing spondylitis.
MSCs express surface molecules such as CD73, CD90, and CD105, but not CD34, CD45, and MHC II, confirmed by flow cytometric analysis. These cells produce many
immunomodulatory molecules such as TGF-β, HLA-G5, PGE2, and IDO in response to inflammatory stimulants (IFN-γ, TNF-α, LPS). These stimulants can affect the
secretion levels of the immunomodulatory molecules and have subsequent effects on the immune regulation. MSCs with the secretion of PGE2 and TGF-β can
decrease proliferation, cytotoxicity, and IFN-γ production activity of NK cells. TGF-β, PGE2, and HLA-G5 are the potent immunomodulatory molecules of MSCs that
can suppress the immune system by inhibition of dendritic cell maturation and induction of Treg cell production. On the other hand, MSCs can inhibit the proliferation and activity of effector T cells such as TH1, TH17, and CTL in the pathogenesis of AS. Also, IDO and PGE2 can induce the switch of M1 macrophages to the
anti-inflammatory (M2) cells. Therefore, MSC therapy would pave the way for developing efficient methods of cell therapy to improve the treatment of AS in future.
MSCs: mesenchymal stem cells; CTL: cytotoxic T lymphocyte; TH: T helper cell; M: macrophage; NK: natural killer cell; Treg: T regulatory cell; DC: dendritic cell; B: B
cell; TNF-α: Tumor necrosis factor alpha; TNFR: TNF-α receptor; IL: interleukin; ILR: interleukin receptor; TLR: Toll-like receptor; TGF-β: transforming growth factor
β; HLA-G5: human leukocyte antigen G5; PGE2: prostaglandin E2; IDO: indolamine; IFN-γ: interferon gamma.

with innate and adaptive immunity are closely associated with triggering, initiation, and progression of disease inflammation, both acute
and chronic [14]. Current drug therapy options are focused on reducing
inflammation, stiffness, back pain, and disability. These treatments include non-steroidal anti-inflammatory drugs (NSAIDs), disease modifying anti-rheumatic drugs (DMARDs) and biologic agents, including
tumor necrosis factor (TNF) and IL-17 A blockers [15,16]. Despite these
therapies reducing inflammation and improving clinical manifestations
and ankylosing spondylitis quality of life (ASQoL), many patients with
ankylosing spondylitis suffer from unresponsive or unbearable side effects from the drugs [17–20] (Fig. 1).
Given that there is no cure for AS, using stem cells has the promise
to raise hope as a beneficial treatment option. Mesenchymal stem cells
(MSCs) are a kind of stem cells that can revolutionize medicine due to
their multipotent capacity and immunomodulatory properties. These
cells can migrate chemotactically to the site of inflammation and injury,
where they could apply anti-inflammatory and repairing effects
[21–23]. Bone marrow is the primary source for harvesting MSCs;
furthermore, umbilical cord and adipose tissue are the other main
source of these cells. Also, different tissues including lung, periosteum,
synovium, tendon, skeletal muscle, deciduous teeth, and peripheral
blood can be used [24,25]. However, before exploiting MSCs in the
clinic, this new cell-based treatment must be carefully studied for safety
and effectiveness.

In this review, we will discuss the ankylosing spondylitis and mesenchymal stem cell therapy (MSCT). The first two sections of the
present review cover immunopathogenesis of AS, therapeutic approaches and their restrictions in AS patients. The review then describes
the immunomodulatory and regenerative properties and applications of
MSCs in different immunological disorders. The final section of this
review will cover recent approval of clinical trials of mesenchymal stem
cells for treating ankylosing spondylitis.
2. Immunopathogenesis of AS
Considering the inflammatory feature of AS, various cells, cytokines, and genes have been investigated to find any association between
AS pathogenesis and immunologic factors.
2.1. HLA-B27
The most studied subject in this context is human leukocyte antigen
B27 (HLA-B27), of which 27:02, 27:03, 27:04 and 27:05 subtypes have
been indicated as the most relevant molecules susceptible to AS. As a
meta-analysis on 8993 AS patients and 19,254 healthy controls showed
relative ratios (RR) of 16.02 for HLA-B27, 1.28 for HLA-B*2702 and
1.14 for HLA-B27*04 in ankylosing spondylitis [26].
There are four main hypothesis associating HLA-B27 to AS
1197
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pathogenesis, as follows.
The first one is “arthritogenic peptide,” which focuses on an aberrant
antigen presentation to TCD8+ cells due to the resemblance of microbial peptides as those presented in joints. This phenomenon is probably
due to mentioned HLA subtypes’ ability to present some intrinsic antigens in two different forms. Therefore, T cell development in thymus
would result in less efficient negative selection; as a consequence there
would be some autoreactive TCD8+ subtypes in circulation able to
recognize HLAB27/autopeptide complexes in the second form of presentation. The problem will occur when these T cells encounter their
specific microbial antigens (e.g. pLMP2 of EBV) similar to autoantigens
since their attack will be directed toward both foreign and self-antigens.
The second hypothesis is “misfolding theory,” which is in favor of
unfolded protein response (UPR) as AS etiology and blames unusual
conformation and slow folding of the HLA-B27 heavy chain for inflammatory responses in joint. Unfolded heavy chains tend to misfold
and accumulate in the endoplasmic reticulum (ER); such accumulation
would induce ER stress and activate the UPR, including activation of
NF-κB transcription factor. NF-κB triggers pro-inflammatory cytokines
production among them IL-23, a major agent involved in AS pathogenesis.
”Failure in eliminating microbial pathogens” is the other theory based
on HLA-B27 inability to present certain antigens to TCD8+ cells, resulting in microbial survival and sustained inflammation.
Finally “homodimer effect,” in which the α heavy chain, after dissociation from the beta-2-microglobulin light chain (B2m), binds to its
homolog molecule and generates a homodimeric HLA-B27 molecule,
which is assumed to be a ligand for KIR3DL2 on TCD4+ and natural
killer (NK) cells. These cells together with T cells with δγ T-cell receptor
(δγ T), T helper 17 (TH17) cells, natural killer T (NKT) cells,
TCD4−CD8− and mast cells are supposed to produce IL-17, the key
player in promoting inflammatory responses in AS. Moreover, KIR3DL2
binding to B27 homodimer inhibits activation-induced cell death
(AICD) driven by TCR/NK interactions, promoting the survival of pathogenic Th17 and NK cell subsets in circulation [27,28].

considerable role in the pathogenesis of AS. Compared to healthy individuals, ratios of Th1/Th2 and Th17/ T regulatory (Treg) cell are
significantly greater in patients with AS. These imbalanced ratios are
accompanied by excessive interferon gamma (IFN-γ) and IL-17 A cytokines production [36]. Foxp3+ Treg cells number is also decreased in
peripheral blood of AS patients and these cells responsiveness to IL-2 is
diminished. Tregs isolated from patients with active AS are not able to
inhibit T cells proliferation properly [37].
2.5. Dendritic cells, macrophages, and NK cells
There is a study indicating a significant decrease in circulating
myeloid CD1c-expressing dendritic cells in AS patients, whereas CD14−
CD16+ mononuclear cell frequency was increased. The latter group is
supposed to augment Th17 cells’ inflammatory activities through IL-6
secretion [38].
CD163+ macrophages, CD68+ macrophages, and osteoclasts have
also been detected in peripheral arthritis, as well as sacroiliitis lesions
of AS patients. In addition, depletion of macrophages has had anti-inflammatory effects in animal models [14].
The CD56dim CD16+ subset of NK cells have increased levels in
ankylosing spondylitis patients’ circulation; these cells express considerable amounts of carcinoembryonic antigen-related cell adhesion
molecule 1 (CEACAM-1) on their surface, facilitating their tissue entrance. Increased number of NK cells is correlated with BASDAI score of
disease [39].
2.6. ERAP
Peptide trimming enzyme, endoplasmic reticulum aminopeptidase 1
(ERAP-1) should be added to the list of immune components involved
in AS, owing to the fact that certain SNPs of ERAP-1 are associated with
HLA-B27-induced risk of developing ankylosing spondylitis. The SNPs
rs30187 (OR = 1.255), rs27044, rs10050860, rs2287987, rs17482078,
and rs26653 in a meta-analysis of 19,902 AS patients and 39,750
controls have been demonstrated to increase the susceptibility to AS
[40]. Impaired ERAP-1 function in shedding cytokine receptors (e.g.
TNFR, IL-1R2, and IL-6) from cell surface has also been demonstrated in
AS patients [41,42].

2.2. Cytokines
As mentioned above, IL-23 is a prominent cytokine with elevated
serum levels and is involved in chronic inflammation of AS, which
triggers IL-22 and IL-17 production. Among IL-23 receptors, rs1004819,
rs1495965, and rs2201841 have been demonstrated to be significantly
higher in AS patients (p-value < .001, < .001, = .010, respectively)
[29,30]. AS pathogenesis is also linked to the proinflammatory cytokines IL-1 and IL-6, as IL-1 SNPs rs2856836, rs17561, rs1894399,
rs3811581, and rs1800587 were found to be significantly increased in
Europeans with AS [31,32]. Moreover, TNF-α is overexpressed in AS
patients’ mononuclear cells, and its inhibition has been applied as a
therapeutic tool in the clinic which will be discussed later [33].

3. AS therapeutic approaches and their restrictions
The major purpose of therapy in patients affected with AS is to attenuate inflammation and relieve progressive back pain, morning
stiffness, fatigue, and movement disabilities and as a result, improve
ASQoL [43]. Current AS treatments are widely pharmacological interventions.
NSAIDs are still the first line of drugs that alleviate preliminary
clinical symptoms of this ailment and dramatically diminish pain and
stiffness of active AS patients [44]. Although long-term consumption of
NSAIDs, particularly in symptomatic active patients, results in promising effects in slowing spinal radiographic progression [45], some
patients have experienced gastrointestinal and cardiovascular difficulties [46]. Continuous consumption of NSAIDs induce upper gastrointestinal ulcers in about one-third of patients, which is diagnosed by
endoscopy [47]. In these cases, selective inhibitors of cyclooxygenase
(COX)-2, such as celecoxib and meloxicam, which have less serious side
effects, should be prescribed [48]. Meanwhile, on the basis of the
Massó-González study, coxibs have less relative risk estimate of gastrointestinal bleeding/perforation compared to traditional NSAIDs (OR:
1.88 vs 4.50, respectively) [49].
Cardiovascular disease is stated as the most common cause of
mortality in AS patients. The rate of cardiovascular dysfunction in AS
patients range from 2 to 10%. In at-risk patients with long-term AS,
increased heart morbidity rates are reported [50]. Cardiovascular
events comprising of conduction and rhythm disturbances, valve

2.3. B lymphocytes
The contribution of B cells to AS has been defined as highly expressing HLA-B27 antigen presenting cells, as well as autoantibodyproducing plasma cells. In addition, decreased number of CD27+
memory B cells and increased proportion of CD27− naïve B population,
together with a higher percentage of CD86+ B cells, have been demonstrated in the peripheral blood of AS patients, suggesting an excessive activation of these cells at least in relapse phase [34]. In another
study, it was shown that although CD24+CD38+ B regulatory (Breg)
cells’ percentage is similar to healthy controls, their suppressive function is significantly reduced due to defective IL-10 production [35].
2.4. T lymphocytes
T helper 1 (Th1) and Th17 cells have been suggested as playing a
1198
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insufficiency (aortic and mitral), myocardial infarction, stroke, ischemic heart failure, and acute coronary syndrome, are related to the
chronic inflammatory pathology of AS [51,52]. The relative risk estimate of cardiovascular events in AS patients ranges from 1.0 to 2.0.
Celecoxib-related adverse events increase with high dose regimen of
drug and the background risk of patients [53].
Regarding these drawbacks, NSAIDs should be prescribed cautiously.
Taking this into account, the previous history of gastrointestinal and cardiovascular risks, the dose and duration of NSAIDs and concomitant use
with other drugs can influence the side effects of NSAIDs [47].
Glucocorticoids are the subsequent suggested medication to suppress inflammation and reduce spinal pain in some subjects with a flareup of AS symptoms. Glucocorticoids can be taken orally or injected into
affected joints locally [54]. AS patients with concurrent acute anterior
uveitis (AAU) show a good response to this treatment. As a result, both
eye inflammation and expression of IL-17 and IL-23 cytokines reduced
in active AS patients with AAU [55]. However, the long-term use of
glucocorticoids can lead to serious adverse effects, including osteoporosis and increased risk of bone fractures, the occurrence of new
infections and weight gain [56,57].
DMARDs are the next group of drugs that have proven to be efficacious
for only peripheral joint involvement and some extra-articular manifestations, like uveitis and bowel inflammation [44]. Sulphasalazine (SSZ), a
highly effective type of DMARDs, is helpful for dampening symptomatic
arthritis in patients with the more active disease but have no significant
impact on the axial skeleton [20]. Methotrexate (MTX), another conventional DMARD, seem to be less effective in AS in contrast with RA. Moreover, in some patients with persistent joint involvement, combination
DMARDs therapy may be beneficial to manage arthritis [58]. Despite inhibiting IL-1 and TNF- α production, sulphasalazine also induce apoptosis of
immune cells. While methotrexate, by inhibiting the enzyme dihydrofolate
reductase, is a purine metabolism inhibitor. Therefore, by increasing adenosine, its inhibitory effects are widely applied [59,60]. Also, DMARDs can
influence the expression and function of ATP-binding cassette (ABC) proteins in the autoimmune diseases [61].
The recent emerging line of therapies is comprised of biologic
agents with beneficial outcomes, particularly anti-TNF-α. TNF-α is a
pro-inflammatory cytokine that is predominantly generated by activated macrophages and lymphocytes during immune responses [62].
Previous studies demonstrated the elevated amount of TNF-α in AS
subjects, indicating its fundamental role in disease pathogenesis [63].
The use of TNF-α inhibitors is the best choice for patients who poorly
respond to former treatments. Four synthetic anti-TNF-α agents, including
infliximab (Remicade®), adalimumab (Humira®), golimumab (Simponi®)
and the recombinant receptor etanercept (Enbrel®) [64] are currently used
in order to dramatically decrease signs of spinal inflammation and seem to
improve imaging outcomes [65]. In addition to axial manifestations, TNF-α
inhibitors could improve uveitis, peripheral arthritis and bowel inflammation [66]. Furthermore, TNF-α blockers have shown to down-regulate ESR
and serum level of CRP in active AS patients. They can be more beneficial if
injected in the early phase of disease development [65].
The most important obstacle is that almost 40% of AS patients are
unable to tolerate or respond to conditional medications [67]. In a
proportion of patients with inadequate response to first anti-TNF
therapy, alternative TNF-α inhibitor will be used. Despite switching
TNF-blocking agent, there is still a chance of failure because of drug
inefficacy or possible side effects [18,46].
Another substantial risk of the anti-TNF-α appliance is the recurrence of bacterial and fungal infections, especially tuberculosis (TB)
and candidiasis, as a result of suppressing immune responses [17,67].
The incidence rate of these serious infections are low but are severe, or
even fatal, in some cases. Data from a meta-analysis by XU et al. revealed that relative risk of TB in AS patients receiving anti-TNF agents
was 2.42 compared to the control group; however, the ratio was not
significant. TB recurrence was mostly correlated with patients receiving
infliximab, while those receiving etanercept had the less immunogenic

potency to reactivate TB [68]. As about 5–10% of patients with latent
TB infection will ultimately develop to active TB, physicians have to
perform appropriate screening of patients in a timely manner, in terms
of being mycobacteria-infected prior to treatment commencing [69].
In a meta-analysis that carried out in 2016, Wei Liu et al. observed
no significant statistical differences concerning efficacy and safety of
TNF-α inhibitors [70]. The results of short-term follow-up studies indicate little to no difference in the number of patients dealing with
serious infection with various anti-TNF-α drugs compared to subjects
who receive a placebo [71].
Furthermore, TNF-α inhibitors do not guarantee long-term remission and cessation of therapy, resulting in AS recurrence [18,19].
Withdrawal of anti-TNF therapy leads to relapse within 6–12 months in
almost all patients, requiring re-administration [72].
Unfortunately, TNF-α blockade appears to be unable to halt new spinal
bone formation in progressive AS, although it is not clearly characterized
whether TNF- α is related to structural progression in the spine of AS patients or not. Several cohort studies proposed that TNF-driven inflammation
may be independent from syndesmophyte formation in AS [73].
In addition to these commonly taken medications, several treatments are being investigated in order to obtain approvals. Certolizumab
pegol (Cimzia®) is a medicine targeting TNF-α function in phase III
axial SpA clinical trial [74,75]. Pathan et al. reported the probable effectiveness of oral phosphodiesterase 4 inhibitor, apremilast (Otezla®),
in a double-blind phase II study in AS treatment [76].
Secukinumab, a newly discovered monoclonal antibody against IL-17, is
the first approved non-anti-TNF biologic agent and appears to have considerable benefits in patients with weak response to TNF-α blockade [77].
In spite of the fact that patients receiving secukinumab showed improvement rate up to 40%. According to the Assessment of SpondyloArthritis
Society (ASAS), administration of this drug resulted in staphylococcus aureuscaused abscess in a patient in the secukinumab-treated group [15]. Efficacy,
safety, and tolerability of secukinumab are currently undergoing phase 3
clinical trials. In this randomized 3-year study, the risk of candida infections
and uveitis were reported, but no occurrence of cardiovascular events,
Crohn’s disease or ulcerative colitis [78].
With regard to therapeutic limitations in the current AS treatment
modalities (those containing NSAIDs, glucocorticoids, DMARDs and
biologic drugs), deciphering new medicinal approaches without these
adverse events is essential for efficacious anti-inflammatory therapies.
A promising therapeutic approach for inflammatory disorders and
tissue injuries seems to be mesenchymal stem cell therapy [54,79–81].
Respecting immunomodulatory and regenerative properties of mesenchymal stem cells, the beneficial effects of MSCT are demonstrated
in several experimental studies [82–84].
4. MSCs; the immunomodulatory and regenerative properties
Mesenchymal stromal or stem cells were first described in 1976. They
are multipotent stromal cells and have a self-renewal proficiency to differentiate into various cell types, including osteoblasts, chondrocytes, and
adipocytes [85–87]. MSCs can be acquired from bone marrow, adipose
tissue, umbilical cord, molar cells, amniotic fluid and peripheral blood
[86,88–90]. The frequency ranges of MSCs have been reported in the previous reports based on CFU-F (fibroblast colony-forming unit) measurement. The CFU-F assay is used for measurement of MSC frequency in different tissues and sites. According to the CFU-F/106 nucleated cells, the
mean value of MSCs originated from bone marrow, adipose tissue, dermis,
umbilical cord blood, peripheral blood, synovial fluid, and amniotic fluid
are 46, 25602, 115500, 0.01, 1, 126, 4.6 respectively [91,92]. These cells
express CD29, CD44, CD73, CD90, CD105, CD106, and CD166, but not
CD11b, CD14, CD34, CD45 nor HLA-DR, confirmed by flow cytometric
analysis in vitro [86,93,94]. MSCs have antioxidative, angiogenic and antiinflammatory properties [90,95,96]. These cells can be isolated easily and
are very proliferative in vitro. Additionally, neither local transplantation nor
systemic administration can induce immunoreactivity in the host [97,98].
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Table 1
Advantages and disadvantages of MSCs as a therapeutic option in ankylosing spondylitis.
Advantages

Disadvantages

Accessibility (Bone marrow, Adipose, Umbilical cord, …)
Easy to harvest and expand in tissue culture
Immunosuppressive effects (Cell contact, soluble factors secretion)
Multi lineage differentiation (Regenerative effects)
Favorable therapeutic choice for transplantation (HLA-DR−)
Possibility of autograft application

Limited application for aging MSCs
The possibility for malignant transformation
Poor differentiation and short-term activity in vivo
Limited engraftment
Possibility of contamination

Secreted molecules from these cells include hepatocyte growth
factor-1 (HGF-1), transforming growth factor beta (TGF-β), vascular
endothelial growth factor (VEGF), tumor necrosis factor-stimulated
gene-6 (TSG-6), prostaglandin E2 (PGE2), galectin 1 and 9, as well as
MSC-derived microvesicles that play different roles in the host
[90,94,99].

4.2. Regenerative properties of MSCs
MSCs have regenerative roles in many tissues and organs, can differentiate into different cell groups including mesodermal, ectodermal,
or endodermal cells, and also have a key role in the tissue repair. It is
believed that multilineage-differentiating stress enduring (Muse) cells
in mesenchymal tissues of adults play an important role in this regard
[105]. On the other hand, MSCs can migrate to the injured tissues and
increase the survival of damaged cells by inhibition of proinflammatory
cytokines secretion. These properties and benefits of MSC transplantation (MSCT) have been demonstrated in many diseases, such as idiopathic pulmonary fibrosis (IPF), cerebral ischemia, acute renal failure,
myocardial infarction, acute lung injury and Alzheimer’s disease
[80,98,106,107].

4.1. Immunomodulatory effects of MSCs
MSCs induce a positional inhibitory environment through inhibition by
cell-to-cell contact and soluble factor secretion. Numerous studies have
shown that MSCs possess immunomodulatory effects. Secretion of many
biological molecules and mediators, such as cytokines, from these cells plays
an important role in this process. Human MSCs avoid allorecognition,
prevent the dendritic cell, T-cell and microglia function, and proliferation.
In this process, MSCs can modulate the cytokine secretion of dendritic cells,
macrophages, and monocytes. Secreted cytokines and factors can induce the
switch of M1 macrophages to the anti-inflammatory cells that in this path,
the role of indolamine (IDO) and PGE2 have been identified. MSCs can
prevent the reactive oxygen species production by neutrophils in inflammatory conditions. Furthermore, MSCs have low immunogenicity due
to the absence of cell surface HLA- DR and co-stimulatory molecules such as
CD40, CD80, and CD86. In this way, MSCs can affect immune function of
cells and exert the immunosuppressive effects, and these properties can
confer many therapeutic benefits of MSC transplantation in diseases
[85,98,100–102].
MSCs produce many molecules in response to various stimulants,
such as hypoxia, and inflammatory stimulants (IFN-γ, TNF-α, LPS).
These stimulants can affect the secretion levels of these molecules and
have subsequent effects on the immune regulation [99,102].

5. Applications of MSCs in immune-mediated disorders
MSCs have been introduced as a population of adult multipotent
cells that have great potential in immunomodulation and alleviating
multiple kinds of immunological dysfunctions [108]. On the other
hand, the treatment based on MSCs transplantation has a powerful
therapeutic potential for immune-mediated disorders [109]. It is fortunate that the patients did not show side effects after the MSC infusion
[110,111]. Herein, we summarize some of the clinical trials of MSC
therapy in different immunological disorders (Table 2).
Recent findings support that MSCs are a promising tool for ameliorating the immune dysregulations in patients who are suffering from
immunologic disorders [135]. There is an agreement that MSCs can be
cultured in vitro with no risk of transformation, whereas a few studies
have shown that administered MSCs may have adverse effects [136].
Therefore, the safety profile of this procedure and possible longterm adverse effects, including uncontrolled proliferative processes and
development of neoplasms, require further thorough examinations
[137]. It seems MSCs can pave the way for future developments of a
successful stem cell therapy for several immune disorders in humans
[138].

4.1.1. The effect of MSCs on NK cells
MSCs can decrease the activity of natural killer cells. NK cells have
important roles in the innate immune response, and the immunomodulatory effects of MCS transplantation have been demonstrated in acute myocardial infarction (AMI) by a decrease of infarct
lesion size [96]. Secretion of PGE2 by MSCs can decrease the proliferation and cytotoxicity activity of NK cells as well as affect CD56
marker expression in these cells [103].

6. MSC: MSC therapy in ankylosing spondylitis
The safety and therapeutic potency of MSC therapy have been
shown in many types of research, and also in other disorders such as
SLE, MS and autoimmune diseases [79,102]. Many clinical trials are in
progress about MSC transplantation in related disorders, such as phase
I/II clinical trial to assay the safety and clinical effects of MSC transplantation in AS patients [102,139–141]. As mentioned previously
about MSCs roles in the immune modulation, the transplantation of
these cells is a therapeutic choice in AS patients that cannot tolerate the
anti-inflammatory drugs [139]. In the previous reports, it has been
shown that the number of Treg cells in AS patients are low, as well as
low levels and abnormal function of B cells, with the resulting autoantibodies being involved in AS pathogenesis. Additionally, MSCs can
differentiate T cells to the Th2 phenotype and decrease cytokine levels
of Th17 cells due to inhibition of differentiation of these cells, and
therefore, MSC therapy has many benefits for AS patients [140].

4.1.2. The effect of MSCs on dendritic cells, neutrophils, B and T cells
TGF-β is the potent cytokine to suppress the immune system by inhibition of dendritic cell maturation and induction of Treg cell production
[99]. On the other hand, TSG-6 can neutralize the inflammatory effects of
TNF-α and IL-1. PGE2 has suppressive roles in the immune system, including inhibiting proliferation and activity of T cell [94,99].
MSCs can inhibit the T cell and B cell activity by direct contact [94],
as well as by having an inhibitory effect on the Tregs through the action
of HLA-G5 and TGF-β secretion [102]. On the other hand, MSCs can
affect the tissue migration of neutrophils by the effect of IDO, TGF-β
and IL-6 secretion [104].
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Table 2
Clinical trials of mesenchymal stem cell therapy in immune-mediated disorders.

MSCs treatment for GVHD
GVHD grade II- III
GVHD grade III-IV
GVHD grade III-IV
cGVHD grade aGVHD grade II-IV
MSCs prophylaxis for GVHD
Aplastic anemia
Aplastic anemia
Hematologic malignancy
Hematologic malignancy
Hematologic malignancy
Autoimmune diseases
Multiple sclerosis
Multiple sclerosis
Multiple sclerosis
Multiple sclerosis
Crohn’s disease
Crohn’s disease
Crohn’s disease
Crohn’s disease
Diabetes
Diabetes
Systemic lupus erythematosus
Systemic lupus erythematosus
Systemic lupus erythematosus
Systemic lupus erythematosus
Osteoarthritis

Donor source of MSC

Dose

Number of
patients

Phase

Treatment response
rate

Outcome

Side
effect

References

Bone marrow
Allogeneic placenta
Bone marrow
Bone marrow
Bone marrow

2 × 106/kg
(0.9 - 2.8) × 106/kg
(0.9 - 3) × 106/kg
(1.3 - 2.7) × 106/kg
(1.3 - 2.7) × 106/kg

14
9
37
7
12

I/II
–
–
–
–

92.9 %
75 %
65%
57%
91.6%

Improved
Improved
Improved
Improved
Improved

N
O
N
N
N

[112]
[113]
[114]
[115]
[115]

Allogeneic umbilical cord
Allogeneic umbilical cord
Allogeneic umbilical cord
Bone marrow
Bone marrow

5.0 × 105/kg
(2.87 - 10) × 106/kg
5.0 × 105/kg
(1 - 5) × 106/kg
(0.9 - 1.3) × 106/kg

21
17
50
46
37

–
–
–
I
II

100%
88.2%
66%
53%
83.3%

Improved
Improved
Improved
Improved
Improved

N
N
N
N
N

[116]
[117]
[118]
[119]
[120]

Allogeneic
bone marrow
Allogeneic
bone marrow
Allogeneic
bone marrow
Autologous
bone marrow
Allogeneic
bone marrow
Human placenta
Autologous
bone marrow
Autologous adipose
Allogeneic placenta
Autologous
bone marrow
Allogeneic
bone marrow
Allogeneic umbilical cord
blood
Allogeneic umbilical cord
blood
Allogeneic
bone marrow
Autologous
bone marrow

63.2 × 106 cells/patient

15

I/II

79%

Mixed

O

[121]

3- 5 × 10 cells/patient

10

I

50%

Mixed

O

[122]

1-1.5 × 106 cells/patient

10

I

60%

Mixed

N

[106]

1–2 × 106/kg

15

II

–

Improved

N

[123]

2 × 10 /kg

16

II

80%

Improved

N

[124]

2–8 × 108/person
1–2 × 106/kg

12
9

I
I

–
30%

Improved
Improved

O
O

[125]
[126]

3–30 × 106/person
1.35 × 106/kg
Not clear

5
10
41

I
I
–

–
40%
100%

Mixed
Improved
Improved

N
N
N

[127]
[128]
[129]

1 × 106/kg

2

–

–

No change

N

[130]

1 × 106/kg

7

6

1

I

–

Improved

N

[131]

6

16

I

100%

Improved

N

[132]

6

1 × 10 /kg

15

I

86%

Improved

N

[133]

8-9 × 106

4

–

75%

Improved

N

[134]

1 × 10 /kg

aGVHD: acute graft versus host disease, cGVHD: chronic graft versus host disease, N: not observed, O: observed.

Previous studies have shown that MSC infusion in AS patients is a
safe and beneficial choice with no severe side effects, and is effective in
decreasing the related clinical symptoms and severity of the disease
[139,140]. Wang et al. demonstrated that intravenous infusion of allogeneic mesenchymal stem cells is an effective and safe treatment in
active ankylosing spondylitis patients [139]. Also, in a study conducted
by Ai Li et al., the intravenous transfusion of umbilical cord mesenchymal stem cells (UC-MSCs) shows beneficial outcomes such as safety
and decrease of clinical symptoms in the AS patients [140]. However,
more studies are necessary regarding the effectiveness of MSC therapy
and the systemic adverse effects of its intravenous injections for curing
of AS patients in the future [139–141]. For this purpose, it is necessary
to study a larger number of patients. Recent studies have been conducted on a smaller number of patients due to the low number of AS
cases, especially in Asia [139,140].
At present, many clinical trials are in progress for curing AS patients
with MSCs (Table 3). In summary, in phase 1 of a clinical trial (Identifier: NCT01420432), application of human umbilical cord-derived
mesenchymal stem cells (hUC-MSCs) was assessed and repeated after 3
months, along with DMARDs were given to the patients [142]. Another
clinical trial, (Identifier: NCT01709656) involved IV infusion of human
mesenchymal stem cells plus NSAIDs in AS patients [143]. Other
clinical trials, including phase 2 of a clinical trial (Identifier:
NCT02809781) for evaluation of human bone marrow-derived MSCs
application in AS patients [144] and clinical trial phase I/II, registration

number: ChiCTR-TRC-11001417 for safety evaluation of MSC transplantation in AS are in progress [145]. The results of these can help us
to cure AS patients in the future.
7. Conclusion and future perspective
Despite considerable achievements in the treatment of ankylosing
spondylitis using NSAIDs, glucocorticoids, DMARDs and biologic drugs,
a highly efficient therapeutic modality without side effects has not yet
been established. Mesenchymal stem cells with substantial immunomodulatory and regenerative properties are a favorable therapeutic choice in treating immune-mediated disorders such as AS. MSCs
can modulate the activation of immune cells associated with the pathogenesis of ankylosing spondylitis and can promote regeneration
process in subsequent tissue damage. The findings of previous studies
demonstrate that injection of MSCs might be beneficial in alleviating AS
signs and symptoms. Nonetheless, further studies are required to investigate several features of mesenchymal stem cell therapy, such as
cell origin, dosage, administration route and especially the most ideal
stage of disease (early or end) for intervention. Currently, there are
several ongoing clinical trials evaluating the efficacy and safety of
MSCT in AS patients. The results of these studies would pave the way
for developing efficient methods of cell therapy to improve the treatment of AS in future.
1201

Biomedicine & Pharmacotherapy 109 (2019) 1196–1205

[145]

[144]

Completed, 2015/80
participants

Acknowledgment
Recruiting/250
participants

[143]
Completed, 2014/120
participants

There is no conflict of interest to declare.

None.
References
[1] R. Landewé, M. Dougados, H. Mielants, vd H. van der Tempel, Heijde D. van der,
Physical function in ankylosing spondylitis is independently determined by both
disease activity and radiographic damage of the spine, Ann. Rheum. Dis. 68 (6)
(2009) 863–867.
[2] K. Bidad, S. Fallahi, M. Mahmoudi, A. Jamshidi, E. Farhadi, A. Meysamie, et al.,
Evaluation of the Iranian versions of the bath ankylosing spondylitis disease activity index (BASDAI), the bath ankylosing spondylitis functional index (BASFI)
and the patient acceptable symptom state (PASS) in patients with ankylosing
spondylitis, Rheumatol. Int. 32 (11) (2012) 3613–3618.
[3] N. Zeboulon, M. Dougados, L. Gossec, Prevalence and characteristics of uveitis in
spondylarthropathies: a systematic literature review, Ann. Rheum. Dis. (2007).
[4] M. Rudwaleit, D. Baeten, Ankylosing spondylitis and bowel disease, Best Pract.
Res. Clin. Rheumatol. 20 (3) (2006) 451–471.
[5] M. Dougados, A. Etcheto, A. Molto, S. Alonso, S. Bouvet, J.-P. Daurès, et al.,
Clinical presentation of patients suffering from recent onset chronic inflammatory
back pain suggestive of spondyloarthritis: the DESIR cohort, Joint Bone Spine 82
(5) (2015) 345–351.
[6] L.E. Dean, G.T. Jones, A.G. MacDonald, C. Downham, R.D. Sturrock,
G.J. Macfarlane, Global prevalence of ankylosing spondylitis, Rheumatology. 53
(4) (2013) 650–657.
[7] W. Lee, J.D. Reveille, M.H. Weisman, Women with ankylosing spondylitis: a review, Arthritis Care Res. (Hoboken) 59 (3) (2008) 449–454.
[8] I. Song, J. Carrasco-Fernandez, M. Rudwaleit, J. Sieper, The diagnostic value of
scintigraphy in assessing sacroiliitis in ankylosing spondylitis: a systematic literature research, Ann. Rheum. Dis. 67 (11) (2008) 1535–1540.
[9] A. Calin, S. Garrett, H. Whitelock, L. Kennedy, J. O’hea, P. Mallorie, et al., A new
approach to defining functional ability in ankylosing spondylitis: the development
of the Bath Ankylosing Spondylitis Functional Index, J. Rheumatol. 21 (12) (1994)
2281–2285.
[10] T.R. Jenkinson, P.A. Mallorie, H. Whitelock, L.G. Kennedy, S. Garrett, A. Calin,
Defining spinal mobility in ankylosing spondylitis (AS). The Bath AS Metrology
Index, . The Journal of Rheumatology. 21 (9) (1994) 1694–1698.
[11] S. Garrett, T. Jenkinson, L.G. Kennedy, H. Whitelock, P. Gaisford, A. Calin, A new
approach to defining disease status in ankylosing spondylitis: the Bath Ankylosing
Spondylitis Disease Activity Index, J. Rheumatol. 21 (12) (1994) 2286–2291.
[12] F. Babaie, M. Hasankhani, H. Mohammadi, E. Safarzadeh, A. Rezaiemanesh,
R. Salimi, et al., The role of gut microbiota and IL-23/IL-17 pathway in ankylosing
spondylitis immunopathogenesis: new insights and updates, Immunol. Lett.
(2018).
[13] A. Rezaiemanesh, M. Mahmoudi, A.A. Amirzargar, M. Vojdanian, A.R. Jamshidi,
M.H. Nicknam, Ankylosing spondylitis M-CSF-derived macrophages are undergoing unfolded protein response (UPR) and express higher levels of interleukin-23,
Mod. Rheumatol. 27 (5) (2017) 862–867.
[14] A. Rezaiemanesh, M. Abdolmaleki, K. Abdolmohammadi, H. Aghaei, F.D. Pakdel,
Y. Fatahi, et al., Immune cells involved in the pathogenesis of ankylosing spondylitis, Biomed. Pharmacother. 100 (2018) 198–204.
[15] D. Baeten, X. Baraliakos, J. Braun, J. Sieper, P. Emery, D. Van Der Heijde, et al.,
Anti-interleukin-17A monoclonal antibody secukinumab in treatment of ankylosing spondylitis: a randomised, double-blind, placebo-controlled trial, Lancet
382 (9906) (2013) 1705–1713.
[16] J. Braun, J. Brandt, J. Listing, A. Zink, R. Alten, W. Golder, et al., Treatment of
active ankylosing spondylitis with infliximab: a randomised controlled multicentre
trial, Lancet 359 (9313) (2002) 1187–1193.
[17] E.A. Miller, J.D. Ernst, Anti-TNF immunotherapy and tuberculosis reactivation:
another mechanism revealed, J. Clin. Invest. 119 (5) (2009) 1079–1082.
[18] J.E. Paramarta, D. Baeten, Spondyloarthritis: from unifying concepts to improved
treatment, Rheumatology. 53 (9) (2013) 1547–1559.
[19] X. Baraliakos, J. Listing, J. Brandt, M. Rudwaleit, J. Sieper, J. Braun, Clinical response to discontinuation of anti-TNF therapy in patients with ankylosing spondylitis after 3 years of continuous treatment with infliximab, Arthritis Res. Ther. 7
(3) (2005) R439.
[20] J. Braun, J. Sieper, Therapy of ankylosing spondylitis and other spondyloarthritides: established medical treatment, anti-TNF-α therapy and other novel approaches, Arthritis Res. Ther. 4 (5) (2002) 307.
[21] H. Markides, O. Kehoe, R.H. Morris, A.J. El Haj, Whole body tracking of superparamagnetic iron oxide nanoparticle-labelled cells–a rheumatoid arthritis mouse
model, Stem Cell Res. Ther. 4 (5) (2013) 126.
[22] B. Li, Q. Shao, D. Ji, F. Li, G. Chen, Mesenchymal stem cells mitigate cirrhosis
through BMP7, Cell. Physiol. Biochem. 35 (2) (2015) 433–440.
[23] J. El-Jawhari, Y. El-Sherbiny, E. Jones, D. McGonagle, Mesenchymal stem cells,
autoimmunity and rheumatoid arthritis, QJM: An International Journal of
Medicine. 107 (7) (2014) 505–514.
[24] F.P. Barry, J.M. Murphy, Mesenchymal stem cells: clinical applications and

Sun Yat-sen
University
2011/ ChiCTR-TRC11001417
“Clinical study of Mesenchymal Stem Cells transplantation in
Ankylosing Spondylitis, Phase I,II”

Sun Yat-sen
University

2012/ NCT01709656

2016/
NCT02809781

Sun Yat-sen
University

2011/
NCT01420432

“Safety and Efficacy Study of Umbilical Cord/Placenta-Derived
Mesenchymal Stem Cells to Treat Ankylosing Spondylitis (AS),
phase I of the study”
“A Molecule Basic Study of Early Warning of New Pathogenic Risk of
Ankylosing Spondylitis”

“A Pilot Study of MSCs Infusion and Etanercept to Treat Ankylosing
Spondylitis, Phase III”

Shandong
University

Study start Year/
Identifier

Transplantation of the human umbilical cord-derived MSCs at a dose of
1.0E + 6 MSC/kg, repeated after three months along with DMARDs
including sulfasalazine, methotrexate, thalidomide for 12 months
Human mesenchymal stem cells,1 × 104–6 cells/Kg, intravenously on day 1
of each 14-60 day cycle, 1-6 times treatment (for 24 weeks for follow up)
along with "celecoxib"
Human bone marrow-derived MSCs, 1.0E + 6 cells/kg, Intravenously per
week in the first 4 weeks and every two weeks in the second 8 weeks
Etanercept
50 mg, hypodermic injection, once per week, for 12 weeks
Group 1: oral sulfasalazine and indomethacin
Group2: Mesenchymal Stem Cells (MSC) transplantation

Completed December
2013/10 participants

[142]

Conflicts of interests

Title of the study

Table 3
The list of recent clinical trials for curing of ankylosing spondylitis.

Site of research

Intervention

status/number of
participants

Reference

K. Abdolmohammadi et al.

1202

Biomedicine & Pharmacotherapy 109 (2019) 1196–1205

K. Abdolmohammadi et al.
biological characterization, Int. J. Biochem. Cell Biol. 36 (4) (2004) 568–584.
[25] Q. He, C. Wan, G. Li, Concise review: multipotent mesenchymal stromal cells in
blood, Stem Cells 25 (1) (2007) 69–77.
[26] H. Lin, Y.-Z. Gong, Association of HLA-B27 with ankylosing spondylitis and clinical features of the HLA-B27-associated ankylosing spondylitis: a meta-analysis,
Rheumatol. Int. 37 (8) (2017) 1267–1280.
[27] J.F. Zambrano-Zaragoza, J.M. Agraz-Cibrian, C. González-Reyes, M. Durán-Avelar,
N. Vibanco-Pérez, Ankylosing spondylitis: from cells to genes, Int. J. Inflam. 2013
(2013).
[28] T.J. Kenna, M.A. Brown, Immunopathogenesis of ankylosing spondylitis, Int. J.
Clin. 8 (2) (2013) 265–274.
[29] L. Zhong, W. Wang, H. Song, Complex role of IL-23R polymorphisms on ankylosing spondylitis: a meta-analysis, Expert Rev. Clin. Immunol. 14 (7) (2018)
635–643.
[30] G. Daryabor, M. Mahmoudi, A. Jamshidi, K. Nourijelyani, A. Amirzargar,
N. Ahmadzadeh, et al., Determination of IL-23 receptor gene polymorphism in
Iranian patients with ankylosing spondylitis, Eur. Cytokine Netw. 25 (1) (2014)
24–29.
[31] Lea W-i, Y.H. Lee, The associations between interleukin-1 polymorphisms and
susceptibility to ankylosing spondylitis: a meta-analysis, Joint Bone Spine 79 (4)
(2012) 370–374.
[32] W. Liu, Y.-H. Wu, L. Zhang, X.-Y. Liu, B. Xue, Y. Wang, et al., Elevated serum levels
of IL-6 and IL-17 may associate with the development of ankylosing spondylitis,
Int. J. Clin. Exp. Med. 8 (10) (2015) 17362.
[33] L.C. Coates, H. Marzo-Ortega, A.N. Bennett, P. Emery, Anti-TNF therapy in ankylosing spondylitis: insights for the clinician, Ther. Adv. Musculoskelet. Dis. 2 (1)
(2010) 37–43.
[34] X.-Y. Niu, H.-Y. Zhang, Y.-J. Liu, D. Zhao, Y.-X. Shan, Y.-F. Jiang, Peripheral B-cell
activation and exhaustion markers in patients with ankylosing spondylitis, Life Sci.
93 (18-19) (2013) 687–692.
[35] M. Chen, L. Zhang, Y. Ren, K. Zhang, Y. Yang, Y. Fang, et al., Defective function of
CD24+ CD38+ regulatory B cells in Ankylosing Spondylitis, DNA Cell Biol. 35 (2)
(2016) 88–95.
[36] C. Wang, Q. Liao, Y. Hu, D. Zhong, T lymphocyte subset imbalances in patients
contribute to ankylosing spondylitis, Exp. Ther. Med. 9 (1) (2015) 250–256.
[37] H. Guo, M. Zheng, K. Zhang, F. Yang, X. Zhang, Q. Han, et al., Functional defects in
CD4+ CD25 high FoxP3+ regulatory cells in ankylosing spondylitis, Sci. Rep. 6
(2016) 37559.
[38] P.B. Wright, A. McEntegart, D. McCarey, I.B. McInnes, S. Siebert, S.W. Milling,
Ankylosing spondylitis patients display altered dendritic cell and T cell populations that implicate pathogenic roles for the IL-23 cytokine axis and intestinal
inflammation, Rheumatology. 55 (1) (2015) 120–132.
[39] N. Azuz-Lieberman, G. Markel, Mizrahi Sa, R. Gazit, J. Hanna, H. Achdout, et al.,
The involvement of NK cells in ankylosing spondylitis, Int. Immunol. 17 (7) (2005)
837–845.
[40] Y.H. Lee, G.G. Song, Associations between ERAP1 polymorphisms and susceptibility to ankylosing spondylitis: a meta-analysis, Clin. Rheumatol. 35 (8) (2016)
2009–2015.
[41] D.M. Evans, C.C. Spencer, J.J. Pointon, Z. Su, D. Harvey, G. Kochan, et al.,
Interaction between ERAP1 and HLA-B27 in ankylosing spondylitis implicates
peptide handling in the mechanism for HLA-B27 in disease susceptibility, Nat.
Genet. 43 (8) (2011) 761.
[42] M. Mahmoudi, A.R. Jamshidi, A.A. Amirzargar, E. Farhadi, K. Nourijelyani,
S. Fallahi, et al., Association between endoplasmic reticulum aminopeptidase-1
(ERAP-1) and susceptibility to ankylosing spondylitis in Iran, Iran. J. Allergy
Asthma Immunol. 11 (4) (2012) 294.
[43] E. Lubrano, A. Spadaro, G. Amato, M. Benucci, I. Cavazzana, M.S. Chimenti, et al.,
Tumour necrosis factor alpha inhibitor therapy and rehabilitation for the treatment of ankylosing spondylitis: a systematic review, Seminars in Arthritis and
Rheumatism Elsevier, (2015).
[44] M. Dougados, D. Baeten, Spondyloarthritis, Lancet 377 (9783) (2011) 2127–2137.
[45] A. Wanders, Heijde Dvd, R. Landewé, J.M. Béhier, A. Calin, I. Olivieri, et al.,
Nonsteroidal antiinflammatory drugs reduce radiographic progression in patients
with ankylosing spondylitis: a randomized clinical trial, Arthritis Rheumatol. 52
(6) (2005) 1756–1765.
[46] A. El Maghraoui, Extra-articular manifestations of ankylosing spondylitis: prevalence, characteristics and therapeutic implications, Eur. J. Intern. Med. 22 (6)
(2011) 554–560.
[47] S.C. Ng, F.K. Chan, NSAID-induced gastrointestinal and cardiovascular injury,
Curr. Opin. Gastroenterol. 26 (6) (2010) 611–617.
[48] M. Dougados, J.M. Béhier, I. Jolchine, A. Calin, D. van der Heijde, I. Olivieri, et al.,
Efficacy of celecoxib, a cyclooxygenase 2–specific inhibitor, in the treatment of
ankylosing spondylitis: a six‐week controlled study with comparison against placebo and against a conventional nonsteroidal antiinflammatory drug, Arthritis
Rheumatol. 44 (1) (2001) 180–185.
[49] E.L.M. González, P. Patrignani, S. Tacconelli, L.A.G. Rodríguez, Variability among
nonsteroidal antiinflammatory drugs in risk of upper gastrointestinal bleeding,
Arthritis Rheum. 62 (6) (2010) 1592–1601.
[50] A. Bremander, I.F. Petersson, S. Bergman, M. Englund, Population‐based estimates
of common comorbidities and cardiovascular disease in ankylosing spondylitis,
Arthritis Care Res. (Hoboken) 63 (4) (2011) 550–556.
[51] Y. Ozkan, Cardiac Involvement in ankylosing spondylitis, J. Clin. Med. Res. 8 (6)
(2016) 427.
[52] C. Chou, M. Lin, C. Peng, Y. Wu, F. Sung, C. Kao, et al., A nationwide populationbased retrospective cohort study: increased risk of acute coronary syndrome in
patients with ankylosing spondylitis, Scand. J. Rheumatol. 43 (2) (2014) 132–136.

[53] P. McGettigan, D. Henry, Cardiovascular risk with non-steroidal anti-inflammatory
drugs: systematic review of population-based controlled observational studies,
PLoS Med. 8 (9) (2011) e1001098.
[54] A.R. Jamshidi, A. Shahlaee, E. Farhadi, S. Fallahi, M.H. Nicknam, K. Bidad, et al.,
Clinical characteristics and medical management of Iranian patients with ankylosing spondylitis, Mod. Rheumatol. 24 (3) (2014) 499–504.
[55] J.-R. Guo, J.-X. Li, Q.-Q. Chen, X.-C. Zhao, J. Luo, X.-F. Li, Effectiveness of methylprednisolone in ankylosing spondylitis patients with acute anterior uveitis, Int.
J. Clin. Exp. Med. 9 (6) (2016) 9581–9586.
[56] E. Canalis, G. Mazziotti, A. Giustina, J. Bilezikian, Glucocorticoid-induced osteoporosis: pathophysiology and therapy, Osteoporos. Int. 18 (10) (2007) 1319–1328.
[57] M. Dougados, B. Dijkmans, M. Khan, W. Maksymowych, S. Van der Linden,
J. Brandt, Conventional treatments for ankylosing spondylitis, Ann. Rheum. Dis.
61 (suppl 3) (2002) iii40–iii50.
[58] N. Akkoc, S. van der Linden, M.A. Khan, Ankylosing spondylitis and symptommodifying vs disease-modifying therapy, Best Pract. Res. Clin. Rheumatol. 20 (3)
(2006) 539–557.
[59] J. Bondeson, The mechanisms of action of disease-modifying antirheumatic drugs:
a review with emphasis on macrophage signal transduction and the induction of
proinflammatory cytokines, Gen. Pharmacol. 29 (2) (1997) 127–150.
[60] P.R. Rajagopalan, Z. Zhang, L. McCourt, M. Dwyer, S.J. Benkovic, G.G. Hammes,
Interaction of dihydrofolate reductase with methotrexate: ensemble and singlemolecule kinetics, Proc. Natl. Acad. Sci. 99 (21) (2002) 13481–13486.
[61] Wu Y-j, C. Wang, W. Wei, The effects of DMARDs on the expression and function of
P-gp, MRPs, BCRP in the treatment of autoimmune diseases, Biomed.
Pharmacother. 105 (2018) 870–878.
[62] C. Henderson, J.C. Davis, Drug insight: anti-tumor-necrosis-factor therapy for
ankylosing spondylitis, Nat. Rev. Rheumatol. 2 (4) (2006) 211.
[63] M. Schulz, H. Dotzlaw, G. Neeck, Ankylosing spondylitis and rheumatoid arthritis:
serum levels of TNF-and its soluble receptors during the course of therapy with
etanercept and infliximab, Biomed Res. Int. 2014 (2014).
[64] J.D. Gorman, K.E. Sack, J.C. Davis Jr, Treatment of ankylosing spondylitis by
inhibition of tumor necrosis factor α, N. Engl. J. Med. 346 (18) (2002) 1349–1356.
[65] D.I. Daikh, P.P. Chen, Advances in managing ankylosing spondylitis, F1000prime
Reports, (2014), p. 6.
[66] I.E. van der Horst-Bruinsma, M.T. Nurmohamed, R.B. Landewé, Comorbidities in
patients with spondyloarthritis, Rheumatic Disease Clinics. 38 (3) (2012)
523–538.
[67] H. Jethwa, P. Bowness, The interleukin (IL)‐23/IL‐17 axis in ankylosing spondylitis: new advances and potentials for treatment, Clin. Exp. Immunol. 183 (1)
(2016) 30–36.
[68] Z. Ma, X. Liu, X. Xu, J. Jiang, J. Zhou, J. Wang, et al., Safety of tumor necrosis
factor-alpha inhibitors for treatment of ankylosing spondylitis: a meta-analysis,
Medicine. 96 (25) (2017).
[69] X. Xie, F. Li, J.-W. Chen, J. Wang, Risk of tuberculosis infection in anti-TNF-α
biological therapy: from bench to bedside, J. Microbiol. Immunol. Infect. 47 (4)
(2014) 268–274.
[70] W. Liu, Wu Y-h, L. Zhang, Liu X-y, B. Xue, B. Liu, et al., Efficacy and safety of TNFα inhibitors for active ankylosing spondylitis patients: multiple treatment comparisons in a network meta-analysis, Sci. Rep. 6 (2016) 32768.
[71] Z. Xu, P. Xu, W. Fan, G. Yang, J. Wang, Q. Cheng, et al., Risk of infection in
patients with spondyloarthritis and ankylosing spondylitis receiving antitumor
necrosis factor therapy: a meta‑analysis of randomized controlled trials, Exp. Ther.
Med. 14 (4) (2017) 3491–3500.
[72] X. Baraliakos, U. Kiltz, F. Heldmann, J. Sieper, J. Braun, Withdrawal of biologic
therapy in axial spondyloarthritis: the experience in established disease, Clin. Exp.
Rheumatol. 31 (4 Suppl 78) (2013) S43–6.
[73] D. van der Heijde, D. Salonen, B.N. Weissman, R. Landewé, W.P. Maksymowych,
H. Kupper, et al., Assessment of radiographic progression in the spines of patients
with ankylosing spondylitis treated with adalimumab for up to 2 years, Arthritis
Res. Ther. 11 (4) (2009) R127.
[74] J. Sieper, A. Kivitz, A. Van Tubergen, A. Deodhar, G. Coteur, F. Woltering, et al.,
Impact of Certolizumab Pegol on patient‐reported outcomes in patients with axial
spondyloarthritis, Arthritis Care Res. (Hoboken) 67 (10) (2015) 1475–1480.
[75] R. Landewé, J. Braun, A. Deodhar, M. Dougados, W. Maksymowych, P. Mease,
et al., Efficacy of certolizumab pegol on signs and symptoms of axial spondyloarthritis including ankylosing spondylitis: 24-week results of a double-blind
randomised placebo-controlled Phase 3 study, Ann. Rheum. Dis. (2013) annrheumdis-2013-204231.
[76] E. Pathan, S. Abraham, E. Van Rossen, R. Withrington, A. Keat, P.J. Charles, et al.,
Efficacy and safety of apremilast, an oral phosphodiesterase 4 inhibitor, in ankylosing spondylitis, Ann. Rheum. Dis. (2012) annrheumdis-2012-201915.
[77] D. Baeten, J. Sieper, J. Braun, X. Baraliakos, M. Dougados, P. Emery, et al.,
Secukinumab, an interleukin-17A inhibitor, in ankylosing spondylitis, N. Engl. J.
Med. 373 (26) (2015) 2534–2548.
[78] K. Pavelka, A. Kivitz, E. Dokoupilova, R. Blanco, M. Maradiaga, H. Tahir, et al.,
Efficacy, safety, and tolerability of secukinumab in patients with active ankylosing
spondylitis: a randomized, double-blind phase 3 study, MEASURE 3, Arthritis Res.
Ther. 19 (1) (2017) 285.
[79] D. Wang, J. Li, Y. Zhang, M. Zhang, J. Chen, X. Li, et al., Umbilical cord mesenchymal stem cell transplantation in active and refractory systemic lupus erythematosus: a multicenter clinical study, Arthritis Res. Ther. 16 (2) (2014) R79.
[80] F. Davatchi, B. Nikbin, H. Shams, B. Sadeghi Abdollahi, M. Mohyeddin,
F. Shahram, Mesenchymal stem cell therapy unable to rescue the vision from
advanced Behcet’s disease retinal vasculitis: report of three patients, Int. J. Rheum.
Dis. 16 (2) (2013) 139–147.

1203

Biomedicine & Pharmacotherapy 109 (2019) 1196–1205

K. Abdolmohammadi et al.
[81] M.-R. Mohamad-Hassani, K. Alimoghaddam, M. Sanatkar, M. Gasemi,
H. Mirkhani, H. Radmehr, et al., Autologous in vitro expanded mesenchymal stem
cell therapy for human old myocardial infarction, Arch. Iran. Med. 10 (4) (2007)
467–473.
[82] F. Mao, W.-R. Xu, H. Qian, W. Zhu, Y.-M. Yan, Q.-X. Shao, et al.,
Immunosuppressive effects of mesenchymal stem cells in collagen-induced mouse
arthritis, Inflamm. Res. 59 (3) (2010) 219–225.
[83] N. Kim, S.-G. Cho, Clinical applications of mesenchymal stem cells, Korean J.
Intern. Med. 28 (4) (2013) 387.
[84] Y. Tanaka, Human mesenchymal stem cells as a tool for joint repair in rheumatoid
arthritis, Clin. Exp. Rheumatol. 33 (4 Suppl 92) (2015) S58–62.
[85] R. Zhang, Y. Liu, K. Yan, L. Chen, X.-R. Chen, P. Li, et al., Anti-inflammatory and
immunomodulatory mechanisms of mesenchymal stem cell transplantation in
experimental traumatic brain injury, J. Neuroinflammation 10 (1) (2013) 871.
[86] K. Kawakubo, S. Ohnishi, M. Kuwatani, N. Sakamoto, Mesenchymal stem cell
therapy for acute and chronic pancreatitis, J. Gastroenterol. (2017) 1–5.
[87] N.B. Nardi, L. da Silva Meirelles, Mesenchymal stem cells: isolation, in vitro expansion and characterization, Stem Cells, Springer, 2008, pp. 249–282.
[88] K. Hu, J. Yu, K. Suknuntha, S. Tian, K. Montgomery, K.-D. Choi, et al., Efficient
generation of transgene-free induced pluripotent stem cells from normal and
neoplastic bone marrow and cord blood mononuclear cells, Blood. 117 (14) (2011)
e109-e19.
[89] M. Soleimani, S. Nadri, A protocol for isolation and culture of mesenchymal stem
cells from mouse bone marrow, Nat. Protoc. 4 (1) (2008) 102.
[90] C. Lo Sicco, D. Reverberi, C. Balbi, V. Ulivi, E. Principi, L. Pascucci, et al.,
Mesenchymal stem cell‐derived extracellular vesicles as mediators of anti‐inflammatory effects: endorsement of macrophage polarization, Stem Cells Transl.
Med. 6 (3) (2017) 1018–1028.
[91] M.B. Murphy, K. Moncivais, A.I. Caplan, Mesenchymal stem cells: environmentally
responsive therapeutics for regenerative medicine, Exp. Mol. Med. 45 (11) (2013)
e54.
[92] L. da Silva Meirelles, T.T. Sand, R.J. Harman, D.P. Lennon, A.I. Caplan, MSC
frequency correlates with blood vessel density in equine adipose tissue, Tissue
Eng. Part A 15 (2) (2008) 221–229.
[93] M. Dominici, K. Le Blanc, I. Mueller, I. Slaper-Cortenbach, F. Marini, D. Krause,
et al., Minimal criteria for defining multipotent mesenchymal stromal cells. The
International Society for Cellular Therapy position statement, Cytotherapy. 8 (4)
(2006) 315–317.
[94] R.J. MacFarlane, S.M. Graham, P.S. Davies, N. Korres, H. Tsouchnica, M. Heliotis,
et al., Anti-inflammatory role and immunomodulation of mesenchymal stem cells
in systemic joint diseases: potential for treatment, Expert Opin. Ther. Targets 17
(3) (2013) 243–254.
[95] M. Bakhshayesh, M. Soleimani, M. Mehdizadeh, M. Katebi, Effects of TGF-β and bFGF on the potential of peripheral blood-borne stem cells and bone marrow-derived stem cells in wound healing in a murine model, Inflammation. 35 (1) (2012)
138–142.
[96] S.E. Epstein, D. Luger, M.J. Lipinski, Paracrine-mediated systemic anti-inflammatory activity of intravenously administered mesenchymal stem cells: a
transformative strategy for cardiac stem cell therapeutics, Circ. Res. 121 (9)
(2017) 1044–1046.
[97] S. Wang, X. Qu, R.C. Zhao, Mesenchymal stem cells hold promise for regenerative
medicine, Front. Med. (Lausanne) 5 (4) (2011) 372–378.
[98] S.O. Yazdani, M. Hafizi, A.-R. Zali, A. Atashi, F. Ashrafi, A.-S. Seddighi, et al.,
Safety and possible outcome assessment of autologous Schwann cell and bone
marrow mesenchymal stromal cell co-transplantation for treatment of patients
with chronic spinal cord injury, Cytotherapy. 15 (7) (2013) 782–791.
[99] M. Madrigal, K.S. Rao, N.H. Riordan, A review of therapeutic effects of mesenchymal stem cell secretions and induction of secretory modification by different culture methods, J. Transl. Med. 12 (1) (2014) 260.
[100] B. Delalat, A.A. Pourfathollah, M. Soleimani, H. Mozdarani, S.R. Ghaemi,
A.A. Movassaghpour, et al., Isolation and ex vivo expansion of human umbilical
cord blood-derived CD34+ stem cells and their cotransplantation with or without
mesenchymal stem cells, Hematology. 14 (3) (2009) 125–132.
[101] J.M. Ryan, F.P. Barry, J.M. Murphy, B.P. Mahon, Mesenchymal stem cells avoid
allogeneic rejection, J. Inflamm. 2 (1) (2005) 8.
[102] M. Krajewska-Włodarczyk, A. Owczarczyk-Saczonek, W. Placek, A. Osowski,
P. Engelgardt, J. Wojtkiewicz, Role of stem cells in pathophysiology and therapy of
spondyloarthropathies—new therapeutic possibilities? Int. J. Mol. Sci. 19 (1)
(2017) 80.
[103] A.J. Nauta, W.E. Fibbe, Immunomodulatory properties of mesenchymal stromal
cells, Blood. 110 (10) (2007) 3499–3506.
[104] V. Karantalis, J.M. Hare, Use of mesenchymal stem cells for therapy of cardiac
disease, Circ. Res. 116 (8) (2015) 1413–1430.
[105] S. Wakao, Y. Kuroda, F. Ogura, T. Shigemoto, M. Dezawa, Regenerative effects of
mesenchymal stem cells: contribution of muse cells, a novel pluripotent stem cell
type that resides in mesenchymal cells, Cells. 1 (4) (2012) 1045–1060.
[106] M. Mohyeddin Bonab, S. Yazdanbakhsh, J. Lotfi, K. Alimoghaddom, F. Talebian,
F. Hooshmand, et al., Does mesenchymal stem cell therapy help multiple sclerosis
patients? Report of a pilot study, Iran. J. Immunol. 4 (1) (2007) 50–57.
[107] D.C. Chambers, D. Enever, N. Ilic, L. Sparks, K. Whitelaw, J. Ayres, et al., A phase
1b study of placenta‐derived mesenchymal stromal cells in patients with idiopathic pulmonary fibrosis, Respirology. 19 (7) (2014) 1013–1018.
[108] N. Joyce, G. Annett, L. Wirthlin, S. Olson, G. Bauer, J.A. Nolta, Mesenchymal stem
cells for the treatment of neurodegenerative disease, Regen. Med. 5 (6) (2010)
933–946.
[109] G. Bassi, F. Guilloton, C. Menard, M. Di Trapani, F. Deschaseaux, L. Sensebé, et al.,

[110]
[111]
[112]

[113]
[114]

[115]
[116]

[117]

[118]

[119]

[120]
[121]

[122]
[123]
[124]

[125]

[126]

[127]

[128]
[129]

[130]

[131]
[132]
[133]

1204

Effects of a ceramic biomaterial on immune modulatory properties and differentiation potential of human mesenchymal stromal cells of different origin, Tissue
Eng. Part A 21 (3-4) (2014) 767–781.
M. Shi, Z. Liu, Y. Wang, R. Xu, Y. Sun, M. Zhang, et al., A pilot study of mesenchymal stem cell therapy for acute liver allograft rejection, Stem Cells Transl.
Med. 6 (12) (2017) 2053–2061.
O. Detry, M. Vandermeulen, M.-H. Delbouille, J. Somja, N. Bletard, A. Briquet,
et al., Infusion of mesenchymal stromal cells after deceased liver transplantation: a
phase I–II, open-label, clinical study. Journal of hepatology. 67 (1) (2017) 47–55.
K. Muroi, K. Miyamura, K. Ohashi, M. Murata, T. Eto, N. Kobayashi, et al.,
Unrelated allogeneic bone marrow-derived mesenchymal stem cells for steroidrefractory acute graft-versus-host disease: a phase I/II study, Int. J. Hematol. 98
(2) (2013) 206–213.
O. Ringden, T. Erkers, S. Nava, M. Uzunel, E. Iwarsson, R. Conrad, et al., Fetal
membrane cells for treatment of steroid‐refractory acute graft‐versus‐host disease,
Stem Cells 31 (3) (2013) 592–601.
L.M. Ball, M.E. Bernardo, H. Roelofs, M.J. van Tol, B. Contoli, J.J. Zwaginga, et al.,
Multiple infusions of mesenchymal stromal cells induce sustained remission in
children with steroid‐refractory, grade III–IV acute graft‐versus‐host disease, Br. J.
Haematol. 163 (4) (2013) 501–509.
R.P. Herrmann, M.J. Sturm, Adult human mesenchymal stromal cells and the
treatment of graft versus host disease, Stem Cells Cloning Adv. Appl. 7 (2014) 45.
Y. Wu, Y. Cao, X. Li, L. Xu, Z. Wang, P. Liu, et al., Cotransplantation of haploidentical hematopoietic and umbilical cord mesenchymal stem cells for severe
aplastic anemia: successful engraftment and mild GVHD, Stem Cell Res. 12 (1)
(2014) 132–138.
X.-H. Li, C.-J. Gao, Cao Y.-B. Da W-M, Z.-H. Wang, L.-X. Xu, et al., Reduced intensity conditioning, combined transplantation of haploidentical hematopoietic
stem cells and mesenchymal stem cells in patients with severe aplastic anemia,
PLoS One 9 (3) (2014) e89666.
Y. Wu, Z. Wang, Y. Cao, L. Xu, X. Li, P. Liu, et al., Cotransplantation of haploidentical hematopoietic and umbilical cord mesenchymal stem cells with a myeloablative regimen for refractory/relapsed hematologic malignancy, Ann.
Hematol. 92 (12) (2013) 1675–1684.
H.M. Lazarus, O.N. Koc, S.M. Devine, P. Curtin, R.T. Maziarz, H.K. Holland, et al.,
Cotransplantation of HLA-identical sibling culture-expanded mesenchymal stem
cells and hematopoietic stem cells in hematologic malignancy patients, Biol. Blood
Marrow Transplant. 11 (5) (2005) 389–398.
L.A. Kuzmina, N.A. Petinati, E.N. Parovichnikova, L.S. Lubimova, E.O. Gribanova,
T.V. Gaponova, et al., Multipotent mesenchymal stromal cells for the prophylaxis
of acute graft-versus-host disease—a phase II study, Stem Cells Int. 2012 (2012).
D. Karussis, C. Karageorgiou, A. Vaknin-Dembinsky, B. Gowda-Kurkalli,
J.M. Gomori, I. Kassis, et al., Safety and immunological effects of mesenchymal
stem cell transplantation in patients with multiple sclerosis and amyotrophic lateral sclerosis, Arch. Neurol. 67 (10) (2010) 1187–1194.
B. Yamout, R. Hourani, H. Salti, W. Barada, T. El-Hajj, A. Al-Kutoubi, et al., Bone
marrow mesenchymal stem cell transplantation in patients with multiple sclerosis:
a pilot study, J. Neuroimmunol. 227 (1) (2010) 185–189.
S. Llufriu, M. Sepúlveda, Y. Blanco, P. Marín, B. Moreno, J. Berenguer, et al.,
Randomized placebo-controlled phase II trial of autologous mesenchymal stem
cells in multiple sclerosis, PLoS One 9 (12) (2014) e113936.
G.M. Forbes, M.J. Sturm, R.W. Leong, M.P. Sparrow, D. Segarajasingam,
A.G. Cummins, et al., A phase 2 study of allogeneic mesenchymal stromal cells for
luminal Crohn’s disease refractory to biologic therapy, Clin. Gastroenterol.
Hepatol. 12 (1) (2014) 64–71.
L. Mayer, W.M. Pandak, G.Y. Melmed, S.B. Hanauer, K. Johnson, D. Payne, et al.,
Safety and tolerability of human placenta-derived cells (PDA001) in treatmentresistant Crohn’s disease: a phase 1 study, Inflamm. Bowel Dis. 19 (4) (2013)
754–760.
M. Duijvestein, A.C.W. Vos, H. Roelofs, M.E. Wildenberg, B.B. Wendrich,
H.W. Verspaget, et al., Autologous bone marrow-derived mesenchymal stromal
cell treatment for refractory luminal Crohn’s disease: results of a phase I study, Gut
59 (12) (2010) 1662–1669.
D. García-Olmo, M. García-Arranz, D. Herreros, I. Pascual, C. Peiro,
J.A. Rodríguez-Montes, A phase I clinical trial of the treatment of Crohn’s fistula
by adipose mesenchymal stem cell transplantation, Dis. Colon Rectum 48 (7)
(2005) 1416–1423.
R. Jiang, Z. Han, G. Zhuo, X. Qu, X. Li, X. Wang, et al., Transplantation of placentaderived mesenchymal stem cells in type 2 diabetes: a pilot study, Front. Med.
(Lausanne) 5 (1) (2011) 94–100.
D. Lu, B. Chen, Z. Liang, W. Deng, Y. Jiang, S. Li, et al., Comparison of bone
marrow mesenchymal stem cells with bone marrow-derived mononuclear cells for
treatment of diabetic critical limb ischemia and foot ulcer: a double-blind, randomized, controlled trial, Diabetes Res. Clin. Pract. 92 (1) (2011) 26–36.
F. Carrion, E. Nova, C. Ruiz, F. Diaz, C. Inostroza, D. Rojo, et al., Autologous
mesenchymal stem cell treatment increased T regulatory cells with no effect on
disease activity in two systemic lupus erythematosus patients, Lupus 19 (3) (2010)
317–322.
J. Liang, F. Gu, H. Wang, B. Hua, Y. Hou, S. Shi, et al., Mesenchymal stem cell
transplantation for diffuse alveolar hemorrhage in SLE, Nat. Rev. Rheumatol. 6 (8)
(2010) 486.
L. Sun, D. Wang, J. Liang, H. Zhang, X. Feng, H. Wang, et al., Umbilical cord
mesenchymal stem cell transplantation in severe and refractory systemic lupus
erythematosus, Arthritis Rheum. 62 (8) (2010) 2467–2475.
J. Liang, H. Zhang, B. Hua, H. Wang, L. Lu, S. Shi, et al., Allogenic mesenchymal
stem cells transplantation in refractory systemic lupus erythematosus: a pilot

Biomedicine & Pharmacotherapy 109 (2019) 1196–1205

K. Abdolmohammadi et al.
clinical study, Ann. Rheum. Dis. 69 (8) (2010) 1423–1429.
[134] F. Davatchi, B.S. Abdollahi, M. Mohyeddin, F. Shahram, B. Nikbin, Mesenchymal
stem cell therapy for knee osteoarthritis. Preliminary report of four patients, Int. J.
Rheum. Dis. 14 (2) (2011) 211–215.
[135] X. Lu, X. Wang, H. Nian, D. Yang, R. Wei, Mesenchymal stem cells for treating
autoimmune dacryoadenitis, Stem Cell Res. Ther. 8 (1) (2017) 126.
[136] F. Djouad, P. Plence, C. Bony, P. Tropel, F. Apparailly, J. Sany, et al.,
Immunosuppressive effect of mesenchymal stem cells favors tumor growth in allogeneic animals, Blood 102 (10) (2003) 3837–3844.
[137] D. Lodi, T. Iannitti, B. Palmieri, Stem cells in clinical practice: applications and
warnings, J. Exp. Clin. Cancer Res. 30 (1) (2011) 9.
[138] Y. Ciervo, K. Ning, X. Jun, P.J. Shaw, R.J. Mead, Advances, challenges and future
directions for stem cell therapy in amyotrophic lateral sclerosis, Mol.
Neurodegener. 12 (1) (2017) 85.
[139] P. Wang, Y. Li, L. Huang, J. Yang, R. Yang, W. Deng, et al., Effects and safety of
allogenic mesenchymal stem cell intravenous infusion in active ankylosing spondylitis patients who failed NSAIDs: a 20-week clinical trial, Cell Transplant. 23
(10) (2014) 1293–1303.

[140] A. Li, Y. Tao, D. Kong, N. Zhang, Y. Wang, Z. Wang, et al., Infusion of umbilical
cord mesenchymal stem cells alleviates symptoms of ankylosing spondylitis, Exp.
Ther. Med. 14 (2) (2017) 1538–1546.
[141] R.S. Wong, Role of stem cells in spondyloarthritis: pathogenesis, treatment and
complications, Hum. Immunol. 76 (10) (2015) 781–788.
[142] ClinicalTrials.gov. Safety and Efficacy Study of Umbilical Cord/Placenta-Derived
Mesenchymal Stem Cells to Treat Ankylosing Spondylitis. ClinicalTrials.gov
Identifier: NCT01420432. Available online: www.clinicaltrials.gov.
[143] ClinicalTrials.gov. A Molecule Basic Study of Early Warning of New Pathogenic
Risk of Ankylosing Spondylitis. ClinicalTrial.gov Identifier: NCT01709656.
Available online: www.clinicaltrials.gov.
[144] ClinicalTrials.gov. A Pilot Study of MSCs Infusion and Etanercept to Treat
Ankylosing Spondylitis. ClinicalTrial.gov Identifier: NCT02809781. Available online: www.clinicaltrials.gov.
[145] Chinese Clinical Trial Registry. Clinical Study of Mesenchymal Stem Cells
Transplantation in Ankylosing Spondylitis. Registration Number: ChiCTR-TRC11001417. Available online: http://www.chictr.org.cn/enIndex.aspx.

1205

